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The piccnt invcnUon concems a diagnostic tool for ^jpUcation to bi logical 
mds such.as human hcaltfi, -nlmal health or agriculture. In human and aniitaal health. 
«ich a diagnostic tool Uuacdfr detecting genetio disease, r infccUon by a pathogen. In 
the agricultural nalm, it applies to the detection of conlannnants such as pathogenic 
microorganisms in fbodstuiSk. 

For example, a viral Infection in an individual cannot generally be revcaledjjy 
immunological tests. In fact, in most cases, it Is the antibodies directed against thejmus 
which are detected, which are indii«rt proof of the prtscncc of the viru^ InFCcrtafn 
special cases in which the viremU is significant, the viral antigens may be ditectiy 
detected in the blood of individuals. This is the case, for example, in the diagnosis of eh 
infection by the hcpatitU B virus (HBV). Generally, the immunological teats arc only 
moderately successful due to thoh lack of sensitivity and specificity. 

The most common immunological tests arc capable of detecting 105 to 10« viral 
particles per milUlitcr. For the HBV, a serum is considered infectious with only viral 

/M«.><. «t .1 lORlV The number of ftlse neeative results is thus 

significant, as the threshold for infecUousness is at least 1000 times lower than the 
sensitivity threshold for the immunological tests. 

The lack of specificity of these tests is directly related to the immunologicsl 
reactions involved. False positive results arc thus such » problem that a second 
immunological test, knovvn as the "confirmation test", is often employed. This approach 
is particularly employed in the detection of the virus responsible for AIDS (Acquired 
Immune Deficiency Syndrome). 

Research is currently under way concerning molecular biology methods allowing 
the diagnosis of an infection by a pathogen with a sensitivity and a specificity far superior 
to those obtained with the immunological tests. In addition, these method? based on 
molecular hybriditatioh of nucleic adds provide direct proof of the presence of the 
pathogen, as it is Its ovm genetic material which is detected. 

Such a diagnostic tool, based on molecular hybridization, results in the detection 
of at least one defined sequence of deoxyribonucleic acid (DNA) or of ribonucleic add 
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«, a matrix. Mote .pcclficdly. «i -npUficatiou cycle b compoic of Ibrec rtige*. TTic 
fim st-gc ivxomplishca the dcruituring of the doublcrtBiid DNA ^xpicnccs at 90 - 100 
-C: Tb« Mcond StMgc t^ultt in the ipccific hybridixalion of oligonwleotidcs pcixnittcd 
by a decrease in the tempawure during the phase of hybridlation of the primer 
segments. The third rtage accomplishes the extension of the hybridized oUeonudeotide 
at a tempetature close to flie optihial tcmpetmture for the ftmctioning of the DKA 
polymerase (37-C for the Klcnow fragment and 72'C for a thermorcsi$t«il DNA 
polymerase extracted fiomThermuso^ricuT). 

During the tmplificalion cycle (n+1). the singlcitrand DNA sequences arc 
synthcfired by utilizing the sequences synthesized tn the (nj cycle, as wtdl as the 
sequences present at fee end of the (n-1) cycle, as matrices. A sequence synthesizied in 
the nth cycle thus cannot serve as a primer segment in the (ni-l) cycle unles* Its length is 
at least equal to the distance tn bases separating the two primer segments. Under these 
conditions, the number of DNA sequences speclficaUy amplified variea cjcponcntiaUy 



TTie amplification of RNA sequences requires the preliminary stage of the 
synthesis of the complementuy DNA (cDNA). This approach is important for the 
detection of the genome of retroviruses such as the human iminunodoficiency virus (HIV) 
responsible for AIDS in humans (Ou ct al.. 1988). 

The molecular hybridization reaction between two nucleic acid sequences is 
diiectiy linked to the temperature. This hybridization, based on the complementarity of 
bases between two sequences, may occur between two DNA molecules, bctwwn two 
RNA molecules, or between a molecule of DNA and a molecule of RNA- The molecular 
hybridization thus allows either the pairing of two distinct molecules ^a hydrogen bonds, 
or the iutra-molccular pairing between two complementary sequences. In the Utter case, 
there U the fotmaUon of secondary structure in the DNA or. RNA molecules. rThe 
influence of the tompctature on the hybridization reaction is essential and each DNA (or 
RNA) sequence is chsyacteritcd by lu Tm, or the temperature at which 50% of the 
•equenccs are pair^ to the complementary sequences. The Tm of a precise sequence 
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. ^ _^enully by uring spectrophotometry to monitor the 
^ be det«mlncd cxpenmcnully by usmg ^ . , denatu«tion) of 

, .v^cltvat260Q«iomctcr.v^ch«ccomp«mcstheunpaiitogQ roena , 

TO. of . u.«».«.y on *c - " P^;^ 

for Tm geoOTlly wy fixnn 20 lo «5 c. ii™. «" 

Ltb.^.^«nd=p«f=cUyicHo.d^co„»U.d««m.Icond...on5. 

'.f0SAo,BNAn-yhc*««U-by».iU»««»«»P.-«»-jrDKAc.^^ 

;ip,„„,„.ch«nic-n.odmction. After hyWdiz«io.be.«en*c:^«^- 
and the probe icquencc. the UitcT may tjcociecico 

«na«u:p — 1 M.-.. -i-»-,..»,««T«encc of a smgle molecule 
Using current technology, It «po«ioiciu«. r 

of DNA (dcoxyribcnucleie acid) or of RN A (ribonucleic acid) in a biological .ample by 

^ the PGR technique in conjunction with molecular hybridization vHth the a.d of a . 

nucleic probe. In other words, test, based on molecular hybridization .« cxt:«ncly 

^.ve^ the extent that a .ingle pathogen may be detect^ in a .«nple CWo^ ct al 

Tt). .Comp^ed to an immunologieal test. ^ Is approximately a ICOOCfold gain in 

fcniitivity. . « •t.i 

The ^pcdfidty of mOlcculT hybridi-a^. ™=Uons U cxcelleo.. « « po..*!. 
u, de.ec . Uny ™.tion in *. .«= .e,u«>« con^rin* 0>e genetic maten.: of .n 
Lvidu.1. The modiSc-ion of . .ingl. b.e «non. *e 3.5O0.OOO.OOO 
compoie the hwMO genome nuiylhus be delected. - 

Despite th. g.e.t ^peemeity of the hyhridi^tion tc«tion. on u,...-.e^«vc 
^.gno^ie t«t e^oci-ins the t-Ui^Uon of PCK »d n.o,.cul« hyWdi»«on the^ 
of rnucleic p^be doe. t^t have good .peeiflcity. .n fact, it U no. t^te » oht-n f^e 
iLve te.r -hlch .igoifie.n.ly deete^e 0» ov^, .pecif.ci^, of the .e«. Th., 



. ■ *■ ♦i,^ t^..t In other vwJtxli, the utilization of an 
diwa consequence ofthcgic-tKasiUvity of the test. Inothorwru.. 

1 prn TBvMla molccuUr contanunants which 
unplificticm technique as poWUl a. PGR inveala moiecui 

TMwviously went undotBctad. 

,«nof.acwtyperf««i»dUvcmultlutod»mol««l«"^'»»»"- "^^'^^ 
^blco. U »Ki .h« h U now n==««ry U. «ry «« dUr««.. ol^ <^ 

fifi^cot .to in «. -.cn-p. .o n^i« ftU ph«»««»a TO. P«mcn»s .Uow, ,h= 
phyid «P«.«i™ of 1>» P-fCR m^«io«. perfbnn«l on «mpl=. «U=h eon«n 
Krtc .pccific DNA. fiom po«-PCR motion. p«W » "=>P>« ^"'h «c 
«,y rich in .p«ifi= mA. A minimum of a«o bdq-nde.. room. (b». pr.fa*ly 4), 
ttdr .«n «c«ity uriock., b«. b.gon u b. insulin by . l«gc number of n««.h 
lA,„*»ic «ortd«d«. -n.^ room. « dter p«..»rix«l or d.1««uri«l. icp«^S 
on whether <h. .t^. I«fcrm=4 in tbem i. p«-PCR ot po.t.PCR. rapecfyely. 

TH. p«titiomng .llow, . »gniflc«.t reduction In the numb« of fitae po.iav= 
rcrJts. but doc not tottUy eliminate them. At «.y n.to. thi. VP«^ " '^r- 
nake. . tc« v«hich diould be ronple Ktudly quite complex. 

A eertdn number of device. «e now commercielly .v.a.ble >rtuch only execute 
one of the 3 or 4 vAich ccorftute . dlMnoitle te* ufflirinj PCR «.d «olecul.r 
hytaidteion with the rid of . nuclde probe. The only wee. thu. «Kom«ed «e the 
rtege in which nucleic »=ld. «e ex<r«ted &om the blolojicl ««pl. Bul the «nge of 
«mplific«tioil of the DNA sequences by PCR. 

To «:compUih the nage in which nucleic «:ids «e extneted fiom the biologicl 
^p„, only one device U currently ev^leblc on .he world m«ket It U . oosOy 
^.pOTtu. which «m seat only . very rmJl number of ^mffle. (» m«lmum£ 8) 1» 
.bout 6 hour.. Together. the« ch«=<ai«ic m.ke .hi. device «lt.bl. for only vety 
specialized research liboratoriea. 
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Betv««i 12 «id 15 different device im)vidaautom.tc^ fihcrtagc 
ia which DNA ««iucncc «c «nplified by POL AU of thc« machine, .pply diffemnt 
t,„,p«at«i« to di.po«ble and independent pl«tic tube, with cp^itie. nmginff fiom 
0.75 ml to 1.50 ml E«:h tube cont^n. a biological t^lc to be treated. Tvro devtcc 
h*ve Mlso been pinpo5ed with «i .d-ptcr capable of leceiving a micro-titxauon plate. 

Generally. exi.tin« device, have been deaigned to automatieaUy perform a pit=fi^« 
tcchnolo^cal stage. None of them aUow the performance of an entire diagnostietest by 
molecular hybridization. 11x05 the con^cutlvc of a dovicc for extracting nucleic 
acid, and a PGR device require, manipulations to be performed on each «mple between 
the two automated .tage.. Such a manual intervendoa i. neces«ry between these two 
ftage. and during the rtage. performed aiker the PGR. 

These muupulation. consist principally of opening and dosing the di.po»ble 
tubes with detachable roppci^. and of precision pipetting. During the manipulation of 
the tube., the experimenter v«ars latex or vinyl gloves to eawr. the giralert ^ 

. . - . - . _» -u- .^.^—i^ Uv mir.l ^fl^ nrpxent on his 

clcanlinoM and especially to avoid contammaung uib »a,L^.^ r 

or her own dcin. Moreover, when a tube is open, the significant danger of contamination 
i, augmented by the presence of ne«by tubes containing potenUal molecular ^ 
contaminants. During the pipetting of a determined quanUty of liquid from a donor tube 
and the delivery of this liquid to a receptacle Wbe. the pipetted liquid may be the wmple 
itself. A buffer solution, a preparation containing at least one active prindple (enzymes, 
oligonucleotides, ttipbo.phaie nucleotide., etc...). 

For cadi biological wmple treated, 12 to 15 pipetting, roust be carried out with 
the aid of a precision pipetting device for the ringle prcPCR Stage consirting of the 
extnurtion of nucleic acids. The precision pipetting device i. very frequently tiie origin of 
the molecular contamination between two different reacting mixture.. Faced with this 
miyor problem, experimenter utiliro posltive^dispUccmcnt pipetting «y«em. more ami 
more frequently; they teem to .lightly decrease the frequency of contamination, but they 
axQ exponsivp. 

In any case, all of these manipulations arc a conrtant danger in terms of molecular 
contaihinati n which could generate fdso posiUvc test n»ulte. This situation is n 
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The main objcctivo f tho present Iflvcntion is to completely eliminate the 
problems f molecular contimiin.tion during tb« couiw of automated tre«mcnt of the 
Uological .ample, which includes an tn vitro *tagc of ampUfication f a gpccific DNA or 
RNA aequ«««« Such « leauli m*y be rttained by urinfl a procedure to amplify the 
number of at le«t one ipecific •equenco of nucleic acid, or pf it. complementary 
wqucnce. hereafter referred to as target wquencai, in a biological wmple, char«cterircd 
by the fact that, on one hand, it include, the appUctlon of active principle, ^wid 
sample and at leut one preliminary rtage. intended to Increase tho acce.sibillty oniucleic 
acids picKirt In the wmplc. fbUowed by an unplification rtage; on the other hand, vud 
.unple a. >veU as the acUve principles are confined to the interior of a hermetically waled 
container for the duration of the procedure. In order to address the molecular 
contwntoation problem, in the most effective nunncr. the procedure may advantageouBly 
be chtiacterized by the fret that the wmpling i. carried out directly in the aforementioned 
hermetically waled container. 

Preferably. Rich a procedure allows the performance of a complete biological 
diagnostic test, including, on one hand, a preliminary rtagc which increases the 
acccswbility of the DNA or RNA to molecules contained in the initial wraple and at least 
one active principle, roch as DNA and RNA polymeritttion eiaymes and DNA and RNA 
sequences which are partiaUy or completely complementary; on the other hand, at least 
one additional stage subsequent t<i the «nplification «age which is dewgncd to detect the 
possible presence In the aamplc of all or part of at least one target sequence of 
deoxyribonucleic acid (DNA) or ribonucleic acid (RNA). the number of which has 
tncreMcd during the amplification stage. 

The aforementioned MnpUficaaon «ago preferable employs, on one hand, the 
activity of a DNA polymerase or an RNA polymerase responsible for the etynthcsU of 
amplified DNA or RNA sequences; on the other hand, either Bt,leaat one DNA or RNA 
sequence which is recognized a. a primer by the aforementioned enzyme and Is partially 
or completely complementary to a portion of the specific target sequence to bo amplified, 
or a perfectly specific promoter sequence recognized by the emyme and belonging to tht 
target sequence to be amplified. ^ . 
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oratmcnt ««1 that -id mc-n, oonsirt of . rigid dcmcat having .1 le«5t two spadal 
' poritions, .uch that the "doBcd" position dlow, ihc flexible tube to be compressed at a 
given loortlon w a. to impede the flow of fluid, and «ch that the other position, known 
« the -open- position. doe« not have this eo«p:e«ion effect ««i allows the flow of fluid 

in this part of tfie tube. 

Advantageously, acvcnd arrays may be grouped together to form a cartridge, 
allowing the dmultancous treatment of several s«nple« with the usual means for enuring 
thermal regulation, movement and selective flow of the wmples and the active-principles. 

Hie device for the implamentation of the procedure described in this invention 
consists, on one hand, of an array containing the active principles necessary for smooth 
functioning of the procedure; on the other hand, of means to ensure the movement, the 
thermal regulation and the selective flow of the ssmple and the active principles inside 
said array. 

•nw present invention will be more ewrily understood with the aid of the 
1 to t*,. H^rrintion which follow, which refer to the attachod diagrams in 

^^Ul|jtu.aw»>i— ,^ "l 

which: 

- figure 1 leprtssents a schematic view of a partial cross-section of an array which, 
equips a preferred form of rraliration of the device according to the invention. 

- figures 2. 3 and 4 represent cft)s«-.ectional views of certain components of the 
my represented in figure I. They concern the base plate equipped with a network of 
grooves (figure 2). tubes formed by the association of the base plate and a perforated 
pUtc (figure 3). and the same tubes as those represented in figure 3 but cut at a point of 
connection of the pctforated pUte with a treatment container (figure 4). 

- figure 5 is a schematic representation of 4e system of tubes forming the 
connections between the treatment containers of the array represented in figure l . 
said system being equipped with valves. , 

- figures 6. 7. 8 and 9 represent difTcxeht fimctional loops in the network shown in 
figurx! 5. each loop being associstcd with a configuration for opening and closing 
the valves. 
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fonH fwlinllo<iofthod«via««onling to the invention. 

!,« ^. ««npl«c.y or p«ti^y .^«atcd fa flgurc 1. 2. 3. «»1 4. « >«U « 

^ac «id «r.y .n. c^c. of . hcnncfl-Uy m« 

«Moh Uvc n«« been in con-ct . P=«^ "["T^Z 

• 1. r —.iMiiar conuminadon of the umplc at anj- 
BoitionoflheKnyi«««Mf<h»n*of'°''''°^"'™"°^ 

or of «^ muid having »«a in contact with the aamplc. TO, U «hc ««. 
„«npK in . device comto«d of t«o fa.«.»n«C«l P«t.. on one h«»l of . pan fbr 

dngl.^ itrnO" v*ich all the m«apuWen. of th. «^ the acdv. principle. Uke 

puce; on other hand, of a ™-bIe portion con«.ing of a c^tddgc containing a ga. 
,^ch. due to it. Ptc^ne. aecompUd^. the nu.vement of the »mpte »rf the 

-t. a! w ^„„ miv include, near its connectabic end. a 

principles. Aimoxxgn uic »Ai*ti«««w*w - 

filtn-tion .yatem «hi=h impede, the parage Of previoudy di»:u«cd molecular 
contanunanf. the riak. of contrnntaation «e greater than tho« -.eclated «ith the , 
utiliration of a tingle-use array. 

■n^ aforementioned array (figures I to 4) «ul cartridge (figure 10) axe designed to 
effectuate a complete diqsno.tic t«t. defined as a biological procedure allowing the 
n^alizadon of 11 the stage, prior to ampUfication. the ampUficaUon lt«lf and the «agea 
.ubsequent to amplifieaiion. ending" with a final quaUtative. ^xni-qu^nHtative or 
qu^tativc analysU. The aforementioned finrf analysis is intended to. demonstrate the 
possible presence in the sample of at least one apecific DNA or RNA aequence for wfaxch 
the number is increased during the Bmplific«rtion stage. 

Advantageously, the introduction of the initial sample,into the array or cartridge 
wouldoccuruponsamplin«ficm.«lndivldual.ananim.lor«iagricul^ Th. 
aforementioned "induction could however be accomplished fiom a storage 
compartment serving as an intermediary betv^n- the sampUng and the treatmem 
cfTcctuatcd on the sample in the array or cirtridge. ^ . 
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•n«: •fbnmiimtioncd «tay (figure 1 to 4) «id cartridge (figure 10) ar. 
,,l,„.ctcri«l by tho ftct thl the hcaneticUy .calcd n-ce Is wnoundcd by a physically 
Unpoancablc b«ricr. prcfc^bly made of plastic material, which may po«^ henHetlc 
junction rone, between two dirtinct constituent elements. These Junction zones, may 
x«ult ficm gluing, thexxnoftising or an a»cmbla«e -by force" of the two aforementioned 
dements. Due to the conitiuction material. mUized. the array doc. not aUow the passage 
of molecular contaminants fiom the exterior to the irtterior. nor fiom the interior to the 
exterior. Hic pasttge of «xch molecule, could disturb tho treatment of the^ple. 
p«ticulariy if it involve a DNA or RNA sequence of length greater ftan or equal to two 
micleotide.. It i. p«ticul.riy import^it to prevent the passage of DNA or RNA 
Mquenoe. tho nmnbcr of which would be ««ceptible to amplification during treatment of 
the Hmple. 

Tlie array (figure 1) consists of a cover (5) fixed to a base plate (1), which itself 
rest- on a perfor«ed flexible plate (2). At the end of the plate (I), two miUets each 
st^!\.\. ♦..w- an A\ ,^eh with an interior diameter of 12 mm. The cover (5) 

rccaivo a juK-^w*** *«#w^ v*^**' 

protects 6 elements, (El). (E2). (E3). (E4). (ES) and (E6) att«:hed to the plate (1). The 
dements (E7) and (4) arc connected to a container CE8) which has a window (3). 

The biologicd procedure which takes place inside this array includes at leaat one 
preliminary rtagc intended to Increase the accessibility of nucldc adds contained in the 
initial SKX\pIc«. Tlicse nudeic acids will thus be more accessible to at leart one molecule 
which is either present in the sample at the time of this stage and comes firom the initial 
sample or ftom the addition of an active principle, or added as an active principle during 
a subsequent stage. The incitjase in the ecccssiblUty of nucleic acids may be obtained by 
cither modification of mol^ules and biological structures contained in the sample, or by 
parUal purification of the nucleic wdds. This stage pcnnltdng an increase , in the 
acccssibiUty of nucleic «ids is necessary since any living cell, be it a virus, a bacterium 
or a eukaryotic cell, conidns biological structures more or less evolved to 
compartmentalize the ceU «> as to protect essential molecules such as nudeic acids. Tlie 
acccMibllity of nucldc »cids thua requires the psrtid or complete- destruction of such 
rtructures, which are generally: composed of proteins and Upldj. The technique most 



i 



.ith^by .p^^ol^c eo^. »«h „ p™«ta« K^or by a„ ^on 

,ritt, Ihs method «n<l the device iewribed in IhU Uivention. 

p«i J purificUon of oucUU «i4i m.y co«i« =f 1 "t 

lipid .nd p»»io moVec»l« coautoed ia *c »«plc. TO. m=<hod «.» indi^cUy 
U« rf6«».tioned Uologld W tecmuqoc M of P«mg-*c 

^1= . col^nm- competed of » «.in ^ h« « Ugh rf!W<y fcr P™-!" of 

PH «.d a y«y v„-c for nuclei. «d.. A ^cd «lml,ue consi«5 of 

nucleie »ids doe » iooie to* between the neg«ive.y ch-ged photphrte poup. of the 
DNAorRNA«.dthee.aon.fixedtotheeolumn. Uter. . high-iomc rt^ngth elutwn 
bufe will be utilised io tcic^ the DMA or UNA by eteetin* competition between the 

. .. ,„ ,._«v~i,i» M.+i for the fixition of the negative chirges 

column «nion tna mo mui mxuw. xyk^i.^^^<^jf • — # 

rffl. pho.ph..«u TO. .imple technique i. e«mp.«ely eomp-ible with the mrfhod »d 

device de«:rib«l in .his Invention. A ttixd technique consist, of ex.»cting molecules 

^ u H^d, «.d protda. with the Id of org«dc «.lvont« «ch « phenol «rf 

chlomfbnn. A fourth t=ohnl<ne consists of teuinlng U>e specific DNA or KNA 
sequence, by hybridlzulon with the « le«t p«tidly complement«y mpported «,uence. 

present on a column- 

Tho prclimiiuiy tnge intended to increase the accessiblUty of nucleic «ud. 
pr.s«t in the «inple may be a .imple heating of the latter to a temperature capable of 
denaturing certain proteins, namely a temperature v*ich i. preferably between 90-C «.d 
UO-C In foUowing such a protocol, the" aforementioned preliminary stage may be 
merged vdth the first thermal treatment which denatures the Dl^A «>d RNA aequ^ces 

during the tmplificAtion stage, 

Advsnt^eoudy. two suceeMiv. pn:llminw stege. « utfted during the process 
.dung pl«e in 0.e ^ repre^nted in figure I . the first pr.limin«y sUge ooa.i«s of 
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^ au. .ozyn^ in (E<). «»« U moved con^« (B7) be 

ioniettrcngft buffer locmtod in (El). Vm««^vc 
p.Un^ in^uicd » a.. «««.-bm«y of nucWc ^d.. .c u»« 

rJLn. n-*er molecule .t J end. r^. - "'"T" ^"^ 

auring *e -npUfie^lon «..e «fll ««./ -id 

. . t- . — . All the letive nrinciplei necessity for sucn 
selectively recognized in. subsequent sttgc. All the Kfflve pnn p 

„»pUfic-ion«.ge.r.eon.»nedinCES). After .he .ddition of seM «..ve pnncple.^ 

^ .»p,e b moved « (E7). «be« It I. suljeCcd to dilftm,. ,.mpe»B«. in . eycUcd 

.Howin* .he PCR -^ be eccompUshcd. F«.=. 15 .o 40 PCR -nplific«l,n cycles 

„ gencrsUy «-Ecien, .o thieve . high degree of KnsWvlty fbr 0.e '^P'°«'=J«^ 
Ho«ever.fbtfl.ede..cdo„ofc..Uinp«hogaullk.fl.eHIVvim(W.l "nd2)«rf.bc , 

hep.tf.is C vin» {Oerson e. 1, IMO). i. is necess-y .0 c«y o« . second PCR in mmg 
oUgo^rieoddic pAner. «i«Un ftc specifi-Uy «npHfi«i .eqpenee. TUs .ppro.ch 
. high dcg«. of sensWWty to be .chldved even «hen 4e inltid number of 

pathogens is very small. 

Aeeotding to other version, of *e pmcedur. described in the present invenuon, 
th, «npUn»Uon sug. m.y utilize *e sctivity of . DNA polyme,«e or ^ RNA 
potymer-e responsible for U« synthesis of <bt «npUfled sequences, end in.»h.eh t*. 
group, of enzyme. m.y be distineui^-ed. the fir« group U composed of en^es wh.ch 
^dr. dK presence cf . DNA or M4A primer .e,uen«. In fsp. such enzyme. uriUze « 
. suhstrste . duplex molecul. m«le by hybridizrtion between .urge, sequence, or m«nx 
.equence. end . primer .equeno. crrying . fee Itfdroxyl (OH) on *e J- end. The 
enzyme thus extend, the primer .«,ueno. ftom its 3' end by incorpomting. for . given 
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^ ^ch r«,*. «« p»c«. of . ,«f~ay ^ P«n.o.- "^""""''t 
^ agnize fam vUd, ttcy begin fl« .y«h«l» <f • --f-^ " 
eomploncnury to .he «r«nc. loc-cd in»>.di.«l, 3' 

BNA pol,mc«« of 4c T7 ^ SP6 b«<crioph.«« - cnrymc «M=h bchav^ Uu. 
litteriMaiier(Stoffctem..t988). 

Aiv«...g«mly, . »olecul« ou^te o4er tf»m Duo««n« m.y b. «npIoy«l .0 
modUy Ih. ol«oaucl»tidie primer «.4 during to «npUac»fion a«. of the procedure 
d..eribedtaftep.e«=tta««tion. to fkct. two priocip.1 g»«p. of n«.l«=uUr m«ke« 
crirt. The firrt gn«, U =ompo«d of »ol««le. which, under cemto phy.lco^ed 
conaWon^ n-y emi, . .ign.1 of . p-ticul^ n^ which could be, . -dioccUv. 

. . - ^5n,!lMnineaccnce and photphorcBccnce. The 

emiinon. uuorciwnw;, *uu**i»«.-»r..— , — 

«co«I group i. compced of molecules for >^ch nX least one of their p^ametm is 
e«ay me«una,lc. It may be a «,luble or pi^cipitable product ftom the dcgr^iatioa of a 
wbstralo. p«ticularly by «i enzyme «uch as aliuline phosphatase or peroxidase. The 
presence of a soluble dcEr-dation product may be detected by colorimctry. Duo to the 
of their emittion. degradation products exist for substrates belonging to the first 

gxoup of molecular maikers. 

According to ttlU other versions of the procedure described in the present 
invention, at least one oUgonucleotidic primer utilized during the amplification stage may 
be modified in ways other than those resulting in the attachment of a molecular m«ker. 
In fkct. a nucleic acid aequencc may be modified by the addition of a radioactive Uotope 
(P«. S«, H'). of a chcmicd group, of a haptene. of a molecule of molecular vjetght 

greater thin 300 daltoiu or of an enryme. 

. The proeedunf «Wch take* place in tixc array represented in figure I preferably 
ir^cludes a final stage for analy.i. of ti.e specifically ampUfied sequences. To accomplish 
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v<^.A U rAMCci in coDtect with » wppatted DNA probe 

— -r-.c^^rr:: 

prtartl, «> »Ugonud«.ad. eoMirttog of 20 to 35 nua 

„Ud«pportn«d»of«Uc.. lU lesJt-ono 

Z!tZ2-o>=no.,=ds.of*cu,.c...,^«^ycoo»taodU..^.».pl«. 
fl,u5to(tewn«™™ ^.^Mwuilyutaixedinthodawaonofinemumg 

..^.ex^n.. to ^ 

Accon^o, . . .ImpUnea «nio„ of ^ -^J--; ■ 

rZcT^pLocdu^-cHbcdin^cp^o-invc^onn-ybcuHU^.^^. 
ri^n«ofr^.o«l^. S.U.ddi«o«.«.*.m.y.=c«b.....r.««m^ 

„ L^odified. ««ch ^« ^^y^-c^-^ -aa™. b,bna«. ^cjx 

I^.L.d P»b. sc^uoao. «V U. «^>= I" ^= lie 
^ «UU of «=h » ^IdiUonl «^ U « h«ve « *. end of *c ««««« » ,u^«UVC. 
l:l«ivc o. ,u.nuu.« »^ of d» P«»« of .1 ono 
rj iniU. .™pU ^ *u. .0 .-..b.c oo^p.-. dU^o^c ^« «^cH 



11 



tet.aDNApolym™eor«>t«Apolrncm ^ 
«u« of to pn>jrc«io« on th. n-m^ Jl tao«« « a 

«,<^t scucooc. H..dl«d to ^d J 

coniplcn^n^y to « ^ .» ^'^^^ ^^^-^ 

action «.ec. .cu « a «r»u=. »d *u. ^ 

rt.- «tt,«- >«nd to said sample not coatainintt 

^ . • „fA=«nHlvsc of the unpUficd sequences in thcso 

the probe sequence, the companson of the aniuyses 01 uw 

J.^ vcHfic. Wth o-Ulnty .he or .bsenc. of the .«« u.*-> 

r«.,.«np... Tob..«^v...uch.p»b.«,uenc.murtbco»dmed.t.t.3-e,^ 
^fcbl, by inco.por.aion of = di^»x,n«.eo.idc. so « not to b. used o . prtn^r by 
fte DMA or KNApolymetMe during Bnpllfic«ion. ..^ .ft„ 

During »id «lditioaJ «.ge. the probe .e,uen« o.y P«fc»bly be .dded fter 
^ .nipUfiction «,c «d .pcdflCly hybridized to one ^nplMed targ. 

in tU. .pp~-h. . v.^ "«-^ 
ufilUed. pnmded .h« .he probi .»r-« i. i-^-"*^ ^ ""^"^ 

deposing on th. number of dlff«en. probe «^ dep«.di.g on the type 

of po.«blc modificadon to at le«. one t^ge. .«p«n« or at least one probe .«^ce. 
The hybridi^on model «aii«d detemJne. th. foUowing stage, of treatment of fte 

.«aple for the final «ag«U«"^y'»''f*"^'^""'^"*°'"'- « , 

Advantageol-ly. »hcn the .fbrcmaitioned hybridiaaUon model «k1 the final 
^y.U have as their goal to distinguish a. ..«< one «npUfied target .e,uenc among^ih. 
coUecUon of other ae^. P.«cnt in the «mplc. it i..»c«."0. - <«»|» 
capable of distinguishing these molecule, by at leas, one of the. physico^hemic^ 
or a hybridization complex b««een said ampUfled targe. " 
^one complementary probe .e.^c. THe phy^co-chemicai.P^meter most often 
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^Hx^iUthemolccuUrwdght ^'^^^^^^^T^^ ^^,ue such « 
nucleotides, but its evduation trqmrc the use of a «:p«m" 
decttophDKMS or gel filtration. ^ 

P«£c«b.y. Foc«lu« d-cdbcd U. 41. invention dlo« . =on,P>c« di.p.o«.c 

. .1 viBldine « meuure of the presence 

depending ^ ^ of itc ^y^. ^ ^ " ^ '^^^^'^ff 

^.^.^^^.^^-^^ 
2««nzed by U.. ^ th.. to pr«-« n>.y U dix«dy «-«»d «ti. *c of . 

detectloa tpp*^'^^* « 

ForToo* i»,lc«cn...icn of p^cedu.. Uldn, Pl«. in .l-own 

6™ , c««ln con^incr. (figur, 1) would bo «Iv„Ug=ou.l, pn.vid.d vo* ooonl 
Jc^. ft. hctin. »d cooW -n-u.. (E7) U «.uipped «i* 0«. i»l.p«^«-« -»<»8 
wbich. oc on. .Uow ft. «n.pl. « b. rr.^ .. ■ co««». 

„™«„„ brt«« 37-C «.d 70-C during 4. com« of pn,»ol)tic «.«n™ by 
p„,do«. on U,. o<h- .11.W ft. ..mplc « b. «c««ivoly «bj«MJ, U«c 
„^ . eye. of -npllfi-aon b, TCK «»n.pU^ *c 
d.n.«rini of ft. doubl«™.d DNA. ft. hybridiradon of ft. prtm« «^ ™ 
by . mK polym»«. CE.) U .,ulpp.d «ift . h.«ins v*.^dlow, ft. 

d«.chm«t of « -nplffi.d «,u.nc dwins pr«iou.iy d«onb,d «.ly«. 

«.g.. Mo„ of ft. "mporing ft. ov-ll of ft. »mpl. ^ . 

,y„«nic .y««n. TO. .oo.i«. of mov.u..n. of ft. »n.pl. b«v«n dlffcr.n. con»m«. 

^ of mov.n.«. of ..Uv. prin.ip>. n.c«ry ft. ^.m=« »w«d ^ «^pl._ 
™. U .«ompIUh.d by ft. .cdon of . p«i«iac pump ..Ung on ft. tl«.bl. ^ of 

(E7). 
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Aecorfi« « «al v«.io« of 4. d^ice fcr tepl»=o«ian of ftc 

rlvcpH»*lcn.ybceo^«ou.o,<U«ontin«ou..T^^vin.t.™»^ 
^ „o«n«. ™. com. fiom -ar««.t «u«c.: fluid und« p«ur.. iupl-»cn. of 

J^Tof . fladbl. tub., diff^uo. in pr«»r. b««cn fl-dd (.« lor =x.MpW Jn 
ft„„ of *c «mplc ^ *c fluid behind «.c »npl. (*i. difi^nc. in P""-^^ 

1. • I -etino locally), or • combiMtlon of the pippodina 

crcftted by a mochamcal lyitam acting locauy;. 

C««in tube, (flgur. S) of to m.y U. ,ue«ion (6b«c 1) «. cqulpp^ «A 
^ ied^ „ penni. or impede to flow of fluid ftom one con«iner » «u>*er. 
The.. m.«» «. delp-d u, p«ni. or imp«le to flow of to -mple. of ^ !.« one g« 

or »flv. principle .t . civcn to. in .t •P-'fi= "7 

^ »ooa. pr,g«.Mon of to .rc^ To eceompliA d>i. (figu«. 2 toough 4). to 
PUU (2) »»y «!v«,^eou,!y be flexible »d h.v. groove, (7) on on. of i» fiice, (fipm= 
2, TV p.nem of to groove. v« d..igned u. «U.fy precUe fimcflon.! need.. He 
d,„ eo«.«. b««e«. plcte. (1) «d (i). «»»npliA«l by ihennofUMon or gluing (Bgur. 
J, delimiU to mbe. exiting to groove C7^ flexible . .tru«ure of to pUte (2) 
pJ™i« 4, pUx of e«n. (9) actem.1 to to «»y. which in<«mltla«ly compre« to 
pro»b««».. C6) of to gn«ve. W TM. to impede to flow of fluid in a given 
«be -Ife pl^r of three o«n, (9) eonneeted to . .ingle «Pport («). *own on figure 3. 
.now. three tube, to b. dmult»eou.ly eompre«d. ^ thu. impede, to eireuktion of 
fluid, in to eompte^ed region. Together, pUlc. 0) -d (2) fcrm . well-defined ^ 
of mbe^ to Which to eonteton (El). (E2). (E3). (E4). (ES). (E«) «d (E7) «d to 
flexible tube W »« eonneeted. The coruieelon. (figure A) to to eonUdner element. (E) 
„ e„»«d by . petfortflon (10) in to pLte (1). which interlock, with . .l.ev.,(l« 
eontdnlng . Mbe (12). The comKction to to flexible «be W U «u.ured by . eo«pIit.t, 
^ogou. .y«em. A V.1V. (X) (figure 5). eorr..pohd(ng to « ottem.1 c«n of to 
.feremenUoned type, m.y be in eld.er the open po«Uon CX - D to permit to ftee flow of 
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. „:„„OC.W«.lmpc*=thcdnna«i«noffluldin1he 
fl„idu.tbe«pon.orteclo..4l»«'"»P' "'"""^ 

u mixed v«th the ««iv.I«todple.v«cim-« the v«-DNA.«=« 
«h.ceUin«ed«thti.e ,5 rf/ wllum «xtrte. pM 6.5; 2.S mM 

^ co^en^ioo, » « oUo«. 2^ (fl^ 5) in «,e 

CET). X3 - 1. X< - 0. X5 - 0. X6 - 0]. the 
iKta, in the eonfiP««ion P' n^wjlem of Wves betas 

thoconfigurttionpci u. -^x ^^^^ 

--r "rSeirrt:^rj:-r.d.. 

" :1 ^™ to («) in p«.in. though (.3, «d (.«. D« . 

,«^onineco.»«uu r - • ■ fl,„iarte iJ blocked in (E*). 

^.p.«..confi.u„Uonoft^co™ec..=ns(.9)»l(.10^«« ^_ 

^..^ofv.ve.bei^in««-«^o"P^^^ - 
« flo« throueh th. ion ".^n ^om (B2) toW (E5) to 

•^''r:t>i:r::-^rr;:or.reo.^-.- 

. 4 *• , PrJl nmuUficaUon. After muting, the concenu»u 
^^for*=PCR^pU ^^^^,i„,5«pho.ph..e; 200 M.^ 

4eo>or«denoime-5tnpho«i>hate. iuu H<" <^„h„„h.te- 250 nM of e»cJi 

..,,n.no..n.S.^ospb..e. " -^^^ 

vd - 0 XS - I. X6 - 11 (figure 6). the sample flows irom ^ ,,h.PCR 

X4-0. « *• *u-«T,al trtalment neccssaiy for the FL-t^. 

through (al4)»d(.U).»heT. it -ndetgoe. the .hem-l.re.lm 
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contained in (E7) to U objected to 30 «»cce«lve thcnnal cycle defined « foUows: 1 
cycle - 1 mlnuU at 35-0. then 1 minute at SO-C. then 1 minute at 72-C. "nie .yjtfem of 
vdvcsbcineinthcconfiguTHtionCXl-O. XI-O. X3 -0.X4-0.X5 - I. X6-l],the 
wmple flow fix.m (E7) toward (E8) La p««ring throuflh (al9) and (all). Inside the 
cont«ner (E«). equipped with external means for heating, the «miple U placed in contact 
>vith an oUgonucleotidic probe attached to a aoUd wpport and the specific «nplffled 
«^uencea are «,leclively retained while (B«) i> maintained at 60-C. T^-tdua£e 
cont«ning the non-n^ccific aequence. continue, its migration tow«d (E4). passing 
through (»20). (al7) and (alO). wheir it U blocked due to the apatial configuration of the 
connections (alO) and (all). The ayrtcm of valves being in the configuration [XI " 0. 
X2-0. X3-O,X4-l.X5 = 0. X6 - l] (figure 9). the bufifcr contained in (E3) is 
brought to (E8). whore it is placed in contact with the support retaining the tpodfic DNA 
gequencca to be delected. The container (E8) is thus aubjccted to a temperature 
accompUshing the dehybridization between the supported probe sequence and the 
amplified sequence to be detected. The Utter is thus returned to solution and its presence 
directly detected inside (E8) with the help of a detector centered on the axis of the 
window (3). In a valve configuration identical to that previously mentioned and after its 
analysU by the detector, the sample continues its migration towwd (E4), where .it is 
blocked due to the configuration of (alO) and (a8). (E4) is a tr»p container dwigned to 
accumulate the products extracted fiom the sample and the previously used active 
principles. (E4) has 4 connections. (aS), (a9). (alO) and (all), allowing the fice flow of 
gas between any two of these connections. However, its compartmentalized structure 
aUows the collection of Oic amplified and analyzed sample withm an clement which is 
not contaminated by other liquids rculting from the treatment Tha amplified sample 
may th\is be later used by simple sampling from (E4). 

Several arrays may be grouped together to form a cwtridge (figure 10>-which 
consists of 4 distinct parts: (CI). (C2). (C3) and (C4). The (CI) .portion include, tho 
containers (El). (E2). (E3). (E4). (ES) and (£6). The (02) portion is a flexible joint 
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portion CC4> including Hw container (E«). 
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CLAIMS 

1) Procodun: for numorid «nplification of at least one specific sequence of nucleic toid 
or of its cotnplcmentay Kqu«icc. bctc^ftcr io£brt«l to as tatgrt «cqucno«. in a 
biologic! wmplc. durtctorircd by the fkd, on one hand, that it includes the action of 
active principle, on »xd ««nplc and .t IcMt one preliminaiy stage, intended to increase 
the wxciiibiUty of nucleic «dd, in the ..xnple. followed by an «npUficatian 
stage: on the other hsn4 th« said sample as well «s the active principles art confined to 
the interior of a hermetically sealed container far the duration of the procedure. 

2) Procedura according to daiin I. chafacteri*«l by the CMrttfiatlhesampU^ 
directly in said hermetically scaled cont^cr. 

3) Procedure according to claims land 2. diaiactcrircd by the fiic^ 

performing a complete biological diagnostic test including, oa one hand, a preliminaiy 
rtagc which increases the acccssibiUty of DNA and RNA to molecules contained in the 
initial sample aivd at least one active principle, such as DNA and RNA polymerization \ 
enzynies and DNA and RNA sequences which are partially of totally complementaiy. on 
tiie otiw hand, at least one additional stage subsequent to tiie amplification stage which ts 
dedgnod to demonstrate tiw possible presence in the sample of all or part of at least one 
deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) target sequence, the number of 
which is increased during the amplification stage. 

4) Procedure according to claims I through 3. characterired by the fact that tht 
amplification stage employs, on one hand, the activity of a DNA polymemae or. of an 
RNA polymerase responsible for tiic synthesis of tiic emplified"DNA or RNA sequences; 
on the otiicr hand, citiicr at least one DNA or RNA sequence rccognizisd as a primer by 
the aforementioned cmymcs which is partiaUy or totally complementary to a portion of 
ti;c specific target sequence to be analyzed, or a pctfcctiy defined promoter .sequence 
recognized by tht enzyme and belonging to the target sequence toTbe amplified. 
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5) Pixx:edure«ccor<Un6todaiinslthrmigh4.cbK«rtc^ 

additioruU' «t«8e. occutting before or after the MnpUfication st.fic utiUww «t le«t one 
DNA or RNA probe lequcncc. modified or non-modified. v*ich under ccrtdn phyilco- 
chanlcal oondltion* «pccific«Uy hybridizes by complemcatMity between the base* with at 
least one target lequeaco, and which is present in the «mple in ficc or supported form. 

6) Pxoceduir according to clairns I through 5. characterized by the fact, on one hand, 
the amplification stage utiliaes the polymeiaBc chain reaction technique t?CR) to 
apccificaUy incroasa the' number of molecules of a specific target acquttice with a 
modified oligonuclcotidic primer which carries a molecule c^blc of etnitting a 
measurable signal; on the other hand, that after ampUfication, the sample is placed in 
contact with a supported DNA probe which is at least partiaUy complemcntaiy to the 
amplified target sequence and that the presence of said amplified target sequence 
Bpedfically retained on said support is evaluated with the aid of a device external to the 
BTtmy which allows the quimtitotive detection of the signal-emitting molecule carried by 
the amplified sequences. 

7) Device for the implcmonution of the procedure according to one of claims I through 
6, characterized by the fiwt thit it include*, on one hand, at least one container for the 
active principles necessary for the preliminary ftagc intended to incrcaac the acccaiibiUty 
of nucleic acidf ; on the other hand, at least one container for the active principles 
ncccasary for (he amplification stage, and that the containers arc hermetically sealed to 
one another so ai to constitute a unit, hereafter refcrted to as the array, delineating an 
enclosed space with means provided for the mixing and thermal regulation of the sample 
and the active jmnciplcs. 

> 

8) Procedure according to clwm 7, characterized by the fact that the ensemble defined by 
the hcrrnetically sealed container and the active principles which it contains is for single 
usage, meaning it is disposable after the treatment of a single biological sample. 



27 



9) I^cc.cc.nIin.tocnccfcl^7and8.ch«.cteri^ 

the mc^ partidly or totdly ensuring the movement of the sample and the «:txye 
principle in the arr-y consist of a pcrist^Uc punxp acting on the flexible w.11 of a tube 
v^ch U part of the anay; on the other hand, that the connccUon, between the different 
containem are tube, equipped ^th mc^ designed to pcnnlt or invpedc the flow of flmd 
.t a given time through at leaat one specific tube w a- to ensure the «iooth progression 
of the treatment and that .«d means consir of a rigid element having « least t^s*tial 
positions, auch that the "doied" position allows the flexible tube to be oompreaaed et a 
given location «. as to impede the flow of fluid, and «ich that the other position, known 
as the "open- position, does not have this compression eflect and allow, the flow of fluid 
in thif part of the cube, 

10) Device according to one of claims 7 through 9. characterized by tiie f act tiial *rvcral 
«rayi art grouped together to foim a cartridge, allowing tiie simultaneous ticatmenLof 

... . jf' . «v,.r^ai mtnilRtion movement and 

gevcral samples with the usual means lor wmh^ ^>,.»*.-. — o 

selective flow of tiic samples tnd the active principles. 
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